Carbon management strategies in manufacturing companies: An exploratory note
Introduction
In order to avoid the potentially catastrophic outcomes of global warming (IPCC 2007; Stern 2007) , at the 3rd Conference of the Parties to the United Nations Framework Convention on Climate Change in 1997 the Kyoto Protocol was signed, providing binding measures for the reduction of greenhouse gas emissions in developed countries (Jaehn/Letmathe, 2010) . The Kyoto Protocol contains three so-called flexible mechanisms to meet the national reduction commitments: (1) emissions trading; (2) a clean development mechanism; and (3) joint implementation (Braun 2009; MacKenzie 2009 ).
The EU Emissions Trading Scheme (EU ETS) is a cornerstone of the European Union's climate policy and started operating in 2005. It encompasses about 11,500 installations from energy and industry sectors that are responsible for about 40% of greenhouse gas emissions in the EU (Braun 2009 ). The EU ETS is organised in three phases. Phase 1 from 2005 to 2007 provided many companies and national administrations with a period of learning about the options and problems of this new policy tool (Convery et al. 2008; Engels 2009 ). Phase 2 from 2008 to 2012 is congruent with the compliance period of the Kyoto Protocol in which the EU as a whole has agreed to a reduction commitment of minus 8% compared to the base year 1990 (Braun 2009; Engels 2009) . Phase 3 will start in 2013 and run for eight years.
The EU ETS gives companies included in the scheme flexibility in meeting their reduction commitments. Each entity can either reduce actual greenhouse gas emissions or purchase allowances to emit. This flexibility offers companies the possibility of tailoring a strategy that is the most cost-effective (Sandoff/Schaad 2009) and hence an effective carbon management strategy is a potential intangible source of a competitive advantage (Aver/Cadez 2010; Cater/Cater 2009; Okereke 2007; Porter/Reinhardt 2007) . Empirical evidence shows that organisational responses to this common policy tool differ (Anger/Oberndorfer 2008; Engels et al. 2008; Engels 2009 , Okereke 2007 Sandoff/Schaad 2009 ). Yet the bulk of this evidence is limited to emissions trading strategies, whereas we know very little about corporate carbon management strategies in terms of a balance between actual emissions reductions and emissions trading. This study's main aim is to provide insights into corporate carbon management strategies in manufacturing companies. Given the nascent state of knowledge about this phenomenon, the study is bound to be exploratory and hence a case study method was chosen (Eisenhardt 1989; Yin 2009 ). For comparative purposes, the case study involved the scrutiny of two Slovenian manufacturing companies included in the scheme. The study is focussed on four aspects of their carbon management: (1) organisational learning about the EU ETS and carbon mitigation options; (2) corporate carbon management strategies for compliance with the EU ETS; (3) emissions reduction measures taken; and (4) emissions trading strategies deployed.
The remainder of the paper is organised as follows. In the next section the main characteristics of the EU ETS are outlined, including its implications for companies. Following this, the research methodology is presented and the findings are revealed. A discussion and conclusion are provided in the final section, together with a number of pointers for future research.
The EU Emissions Trading Scheme and its implications for companies
The EU ETS, a "cap and trade" system as provided for in the Kyoto Protocol imposes national caps on emissions of greenhouse gases. Under the EU ETS, a government allocates or auctions allowances based on some assessment of normal emissions to the system's participants or entities (Cook 2009 ). Each emission allowance entitles the entity to emit one ton of CO2 equivalent per annum. At the end of the year, the entity must surrender the emission allowances corresponding to the extent of its emissions (Jaehn/Letmathe 2010) . The number of emission allowances within the EU ETS is fixed. In the case of the paucity of allowances some entities have to achieve a net emissions reduction in order to provide the supply of emission allowances in the market. Assuming a perfect market and complete information, this instrument ensures that reductions are achieved most cost-effectively (Braun 2009 ).
The inherent flexibility of the emissions trading mechanism allows companies to develop effective environmental strategies to sustain their competitiveness (Cater/Cater 2009; Okereke 2007; Porter/Reinhardt 2007 ). Yet the development of an effective carbon management strategy in a turbulent environment is not simple (Gurkov 2009; Heyder/Theuvsen 2008; Karhunen 2008 ). It entails contemplating a variety of risk factors (Biloslavo/Friedl 2009; NiederhutBollmann/Theuvsen 2008; Trkman/McKormack 2009) such as future movements of fuel prices, potential regulatory changes, technological options, or financing and taxation issues. The development of such a strategy is further complicated because many carbon alleviation strategies require large capital expenditures and long lead times for their execution (Sandoff/Schaad 2009 ). In addition, each company's environmental strategy should mesh with the overall strategy (Porter/Reinhardt 2007) . Relevant information and knowledge capabilities are essential in order to cope with this complexity (Cadez/Guilding, 2008; ), although Engel et al. (2008) warn that the integrated methods to support these decisions are still in a state of infancy.
Assuming the scarcity of emission allowances, companies included in the scheme basically have five strategies available to help them comply: (1) reducing emissions to target; (2) buying emission allowances; (3) combining strategies 1 and 2; (4) reducing emissions below target and selling excess allowances; and (5) lowering output or discontinuing operations. Since the last option is usually not desired, this means that each company must make two 350 JEEMS 4/2010 types of informed decisions. First, companies need to decide on the balance between their CO2 reduction and trading of allowances. Second, companies must make decisions about actual measures for CO2 reduction and/or allowance trading strategies. If the scarcity of allowances is not enforced, the system would not be functional as there would be no incentive to reduce emissions and the allowances would be worthless (Hentrich et al. 2009 (1) fuel switching (i.e. coal to natural gas); (2) increased boiler efficiency; (3) renewable heat and power (i.e. hydro, solar, nuclear, geothermal); and (4) early applications of CO2 capture and storage.
Analogous to the wide array of emission mitigation options companies can also pursue a range of emissions trading strategies. Passive strategies entail mere compliance with the EU ETS, i.e. purchasing allowances in the case of a shortfall or selling allowances in the case of a surplus. By contrast, active strategies imply active trading with the allowances with the aim to secure profit via trading activities.
Following the above discussion, in this study we are primarily interested in the following aspects of corporate carbon management:
1. Organisational learning about the EU ETS and carbon mitigation options. 2. Carbon management strategies deployed to comply with the EU ETS in terms of a balance between emissions reductions and emissions trading. 3. Emissions reduction measures taken. 4. Emissions trading strategies deployed.
Research design and methodology
Given the exploratory nature of the study a multiple-case study method was deployed. A case study is the preferred methodology for building knowledge about a phenomenon when existing knowledge is scant (Eisenhardt 1989; Yin 2009 ). Observations in this study are based on an examination of two Slovenian manufacturing companies. Slovenia makes a good sample because it is the only Eastern European country in which emissions scarcity was enforced already in phase 1 (Ellerman/Buchner 2007; Markovic-Hribernik/Murks 2007) .
The selected companies were drawn from the National Allocation Plan (NAP) for Slovenia. The NAP for phase 2 comprises 96 installations and of these 78 come from the manufacturing sector. For comparative reasons, we aimed to select companies from a similar industry and with a similar nature of emissions (Aristovnik/Seljak 2010) . Further, following Eisenhardt's (1989) suggestion to choose cases that represent polar types in which the process of interest is transparent, we decided to select one company with excess emissions (net short with allowances) and one company with excess allowances (net long with allowances) in phase 1. Two companies that meet these criteria were identified in the chemical manufacturing industry where only combustion emissions occur. A brief description of the selected companies is provided in Table 1 and the next paragraph. Cinkarna is a manufacturer of chemicals. Its main product is titanium dioxide in two major commercial forms: the traditional -and quantity-wise essentialproduction of pigment grade, and the innovative ultra-fine or nano grade, which is increasingly being utilised in modern technologies. About 90% of its production is being exported. Krka is a manufacturer of chemicals and pharmaceuticals. Its main products are pharmaceuticals, animal health products, cosmetics, and other chemicals. Krka also exports about 90% of its total production.
The findings of the study are based on both qualitative and quantitative data. The qualitative data were obtained via interviews conducted in the two selected companies. Both companies have an energy department which is responsible for carbon management and thus the interviews were conducted with the heads of the energy department. As a means of validating the interviews, we also collected some hard data on allowances allocation, actual emissions, and corporate output that were available from the Agency for Environment of the Republic and Slovenia and from corporate annual reports.
Analysis of the cases
The four aspects of corporate carbon management are discussed in turn. 
Organisational learning about the EU ETS and carbon mitigation options
It is noteworthy that both companies believe that they know the concept and institutional framework of the EU ETS very well, including the anticipated changes to the scheme in phase 3. Knowledge regarding emissions trading was accumulated via different sources prior to actual introduction of the EU ETS. The prime source of information was government entities, although the EU ETS participants also exchanged information directly with each other. Further, they have been regularly contacted by specialised allowances brokers who continuously inform them about EU ETS market developments. After the introduction of the scheme there were some starting problems but the experience soon began to accumulate and after 5 years it appears that the EU ETS is becoming a mature market. At Cinkarna, they even claim that they are actively involved in the future design and legislative framework of the EU ETS (see the comment below).
"We have to compliment our cooperation with the Ministry of the Environment and Spatial Planning. They are giving us an opportunity to suggest improvements and actively participate in the future design of the scheme."
Knowledge about emissions mitigation options also started to accumulate prior to actual introduction of the scheme. Somewhat remarkably, at Krka they claim that the bulk of this knowledge was acquired well before the scheme was introduced (see the comment below).
"Our company has always been environmentally conscious. We gained the bulk of our knowledge regarding emissions reduction options well before the actual implementation of the EU ETS. (Krka)
Corporate compliance strategies Both companies indicated that the introduction of the EU ETS in 2005 provided an incentive for actual emissions reductions. The comments below briefly summarise their carbon management strategies.
"Since the introduction of the EU ETS we have accumulated lots of knowledge and we are gradually improving all business processes in order to save energy and reduce emissions. This represents a double saving: we are reducing our energy costs and we don't need to buy allowances. The savings are in fact quite substantial as in our company energy costs represent an important fraction of the total cost... In phase 1 we were also buying allowances due to an allowances shortfall... We cannot afford high costs for allowances if we wish to stay competitive with the prices of our products, especially vis-à-vis companies from third countries where such schemes do not exist... In phase 2 we have a surplus of allowances due to more efficient energy use..." (Cinkarna)
"We operated with the best available technology (BAT) before the introduction of the EU ETS and our system has more or less been improved to the optimum... So far we haven't had any problems with excess emissions and we also haven't been trading with emission allowances... We find the trading too risky considering the potential returns..." (Krka)
These comments seem to confirm the anticipation that the carbon management strategy depends on the initial allocation of allowances. In Krka, with a net overallocation of allowances, no significant action regarding emissions has been taken (nor required) since the inception of the EU ETS. Cinkarna, on the other hand, with a net under-allocation of allowances, despite its articulated efforts to reduce emissions, was compelled to buy additional allowances in order to comply with the scheme in phase 1. In order to further scrutinise these statements, Table 2 contains actual data on the allocation of allowances and actual emissions in the 2005-2009 period for the two companies. As Table 2 shows, Cinkarna had problems with excess emissions in phase 1 (2005) (2006) (2007) ). Yet in 2008 its emissions fell significantly, i.e. -20.3% relative to 2007. While this indicates improved carbon efficiency, such a conclusion would be premature without taking the respective change in output into consideration. As it turns out, the respective change in operating revenues is -16.1% and hence the bulk of the emissions reduction is to be attributed to the financial crisis and the consequent decline in output rather than improved carbon efficiency. The same holds for the whole five-year period as the actual emissions index and output normed emissions index (see the last two columns in Table 2 ) are almost identical.
In contrast, Krka had very stable emissions throughout the whole five-year period. While one could argue that this indicates no improvement in carbon efficiency, this is indeed not the case. Namely, in the same period, Krka almost doubled its output, yet still managed to maintain emissions at close to the original level, indicating high relative carbon efficiency.
Actual emissions reduction measures taken
Cinkarna's strategy is to reduce emissions through higher energy efficiency (see the comment below).
"We are reducing emissions with the more efficient use of energy. For example, the "efficient use of energy" project in 2008 resulted in a 22% decrease in electricity use in a single year." (Cinkarna)
On the other hand, Krka claims that it had optimised its facilities before the scheme was introduced and that, with the current state of technology, there is very little scope for further improvement (see the comment below).
"We had switched to state-of-the-art steam boilers before the introduction of the scheme. These operate at maximum efficiency, we also re-use wastewater. We are already using natural gas as an energy source, hence the only option to further reduce emissions is to introduce solar panels. This is however close to impossible with the current state of technology due to the sheer size of our manufacturing complex and also because the installation is running non-stop." (Krka)
Both of these assertions seem to be consistent with the data presented in Table 2 . However, it should be again noted that the bulk of the decrease of electricity use at Cinkarna is likely attributable to the decline in output rather than considerably improved energy efficiency.
Emissions trading strategies deployed
As outlined before, Krka has no experience in emissions trading. If it will require additional allowances in the future it intends to buy them in the market. While Cinkarna has engaged in emissions trading, so far it has only been buying additional allowances to make up for its excess emissions in phase 1 (see the comment below).
"In phase 1 we bought allowances due to a shortfall in allowances. We bought allowances directly from other companies in order to avoid brokerage and other transaction costs... In our view, the biggest problem of trading is proper timing as the price of allowances is highly volatile... In phase 2 we have a surplus of allowances and we are thus planning to sell the spare allowances. Now we are waiting for profitable market conditions..." (Cinkarna)
Discussion and conclusion
While literature about corporate carbon management within the EU ETS setting is beginning to emerge (Anger/Oberndorfer 2008; Engels et al. 2008; Engels 2009; Okereke 2007; Sandoff/Schaad 2009) , this literature predominantly focuses on corporate emission trading practices. The main contribution of this study can be seen in its deployment of a more holistic approach to investigating carbon management strategies in terms of a balance between actual emissions reductions and emissions trading.
The two companies examined in this study had accumulated a significant amount of knowledge about emissions trading and emissions mitigation options before the scheme was actually introduced. The prime sources of advice about the EU ETS policy tool were Slovenian government entities, other Slovenian EU ETS participants and specialised allowances brokers. This finding is relatively inconsistent with Engels et al. (2008) and Engels (2009) who provide a comparison of how companies in four old EU member states had learned about this policy tool. In Germany and the UK they primarily relied on specialised private consulting firms, in the Netherlands the most important source of advice was workshops, whereas in Denmark many companies did not use any form of external advice at all.
The companies considered here appear to pursue very different carbon management strategies. Cinkarna, net short with allowances in phase 1, has practised a combined strategy of reducing emissions and buying additional allowances to comply with the scheme. In phase 2 it has substantially reduced its emissions so it can now sell excess allowances. Yet it should be noted that the bulk of the reduction in phase 2 can be attributed to a decline of output in the current period of financial crisis rather than improved carbon efficiency. Conversely, Krka was net long with allowances in both phases. Its total emissions are relatively stable throughout the whole period; however, when taking the change in its output into account it has substantially improved its carbon efficiency. Krka has not engaged in any emissions trading which is consistent with the premise that companies with a net over-allocation of allowances are not forced to take any compliance action, although it should be noted that Krka operated with the best available technology already before the scheme was introduced. The carbon management strategies in both companies can be portrayed as relatively pragmatic with little reliance on formalised decision-making procedures. This is consistent with the view of Enger et al. (2008) that transparent and integrated methods for decision support to control carbon efficiency are not yet available.
The actual measures both companies have taken to mitigate combustion emissions are not very radical. The companies still mainly rely on fossil fuels as a source of energy but aim to maximise the carbon efficiency of the combustion processes with more traditional methods, such as fuel switching, installing highly efficient boilers and the re-use of wastewater. The companies also warn that after having implemented the best available technology the potential for a further reduction is very limited, if not impossible. This finding is consistent with Kranjcevic (2007) The trading strategies of the appraised companies can be characterised, at best, as passive. While Krka has not engaged in any trading at all, Cinkarna has so far only been buying additional allowances to make up for its excess emissions in phase 1. These findings are largely consistent with Engels (2009), Engels et al. (2008) and Sandoff and Schaad (2009) . Engels (2009) , for example, reports trading rates for four old EU member states in phase 1 which, with the exception of the Netherlands, are about around 50% or below (in other words, about half of EU ETS participants from Denmark, Germany and the UK have not traded at all). Further, Engels et al. (2008) reveal that most companies in these same four countries have only acted as either buyers or sellers, thereby implying a passive strategy. Finally, Sandoff and Schaad (2009) point to the similar behaviour of Swedish EU ETS participants where only a few companies have shown an active interest in the market.
From the practitioner's point of view, implications of this study arise from the assertion to build a competitive advantage on intangible sources (Aver/Cadez 2009; Cater/Cater 2009) , such as effective carbon management strategies (Okereke 2007; Porter/Reinhardt 2007) . The companies pointed out that buying allowances represents a significant cost which deteriorates either their profitability if they refuse to raise product prices or their competitiveness if they do raise product prices. As a result, reducing combustion emissions represents a double saving -reduced energy costs and reduced allowances costs. This observation is consistent with the ecoefficiency theory. While the traditional view argues that improving environmental performance inevitably leads to higher costs and lower productivity, thereby eroding corporate competitiveness (Porter/Van der Linde 1995) , the advocates of the recent ecoefficiency theory provide evidence that it is possible to reduce costs and improve productivity while simultaneously improving environmental performance (Burnett/Hansen 2008; King/Lenox 2002) . However, it should be noted that the potential for reduction is very limited with the current state of technology if companies continue to use fossil fuels as a prime source of energy (Kranjcevic 2007) . More radical improvements in carbon efficiency are only attainable if fossil fuels are abandoned and replaced with other energy sources.
The study herein offers a number of useful pointers for future research. One such venue would be to conduct a more in-depth investigation of actual corporate decision-making procedures regarding carbon management and identify key financial and non-financial factors that are being considered when making such decisions. Another issue worthy of further enquiry revolves around the role of cost-effectiveness in designing environmental strategies. We know very little about how this factor is being incorporated in corporate decision-making processes, even though it is regarded as the most important property of the emissions trading mechanism.
